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The  piirpose  of  Part  I of  this  i^rterly  Report  la  to  pre- 
sent the  resxilts  of  a study  to  determine  the  suitability  of 
known  precipitation  gages  to  meet  the  Signal  Corps  require- 
ments for  an  unattended  Arctic  weather  station,  as  specified 
under  Signal  Corps  Contract  No:  DA-36-039-SC-15*«d4«  Part  II 
summarizes  progress  made  in  the  development  of  an  ombroscope 
for  use  at  an  unattended  Arctic  weather  station. 

ABSTRACT 

An  evaluation  is  made  of  known  precipitation  gages > with 
respect  to  their  ability  to  satisfy  existing  Signal  Corps 
technical  requirements  for  an  Arctic  automatic  weather  sta- 
tion* It  is  concluded  that  none  of  these  gages  satisfy  the 
existing  reqiJLlrements.  With  lowering  of  these  requirements y 
it  is  concluded  that  a weight-type  gage,  with  certain  modi- 
fications may  offer  a partial  solution  to  the  problem.  Sug- 
gestions for  gage  modifications  and  for  further  basic  re- 
search are  presented. 

A summary  of  the  progress  made  in  the  development  of  an 
ombroscope  is  presented.  A field  model  has  been  installed 
and  work  is  proceeding  on  certain  modifications  to  improve 
the  instrument's  applicability  for  automatic  weather  station 
use. 

PUBLICATIONS  AND  CCNFERiaiCES 

On  June  30*  1953»  authority  to  declassify  the  annual  re- 
port} "Precipitation  lieasxurements  Study*'  was  granted  by  the 
Signal  Corps*  Four  file  copies  of  the  report  on  hand  at 
this  office  were  declassified  according  to  instructions  from 
the  University  of  Illinois  security  office*  Revision  of  the 
cover  and  table  of  contents  of  the  report  has  been  made  in 
preparation  for  publication  by  the  State  Water  Survey. 

Conferences 

June  1.  195'^.  A conference  on  precipitation  gage  evalua- 
tion wTnTrespMt  to  Arctic  use  was  held  with  staff  members 
of  the  Sxirvey* 

June  2?.  195^.  A meeting  was  held  at  Belmar}  New  Jersey 
between  Signal  corps  contract  representatives  and  staff  rep- 
resentatives of  the  Illinois  State  Water  Siirvey  to  outline 
the  program  for  the  remainder  of  the  contract  period. 

Jmie  ^0.  19?^.  A conference  on  results  of  the  aforemen- 
tionea  meeting  with  Signal  Corps  representatives  was  held  with 
staff  members  of  the  Water  Survey. 
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BYiivtiUgB  Of  PrgglBltatlga  omfli 


Bflference 

This  report  should  be  used  In  conjunction  with  the  Annual 
Report,  "Precipitation  Measureaents  Study",  Pebrviary,  1953 
since  frequent  reference  Is  Bade  to  material  and  Illustrations 
appearing  In  It.  All  page  numbers,  figure  numbers,  and  refer- 
ence n\2mbers  used  In  Part  I refer  to  the  above  report. 

?BBMrY  9f  glKMl  ?grpi 

The  technical  requirements  for  a precipitation  gage,  as 
set  forth  In  Signal  Contract  No.  SCL-15V64,  are  as  follows: 

1.  Meas:xrefflent  of  precipitation  to  report  the  amount 
since  the  preceding  observation  to  the  nearest  0.01 
Inch,  with  a capacity  of  three  Inches. 

2.  Measurement  of  the  precipitation  shall  be  possible 
for  all  conditions  of  temperature  from  -60®P  to  120®P 
and  for  wind  speeds  up  to  150  mph. 

3.  The  apparatus  considered  for  this  application 
shall  be  of  a type  that  Is  capable  of  unattended  op- 
eration for  a period  of  at  least  one  year. 

Pertinent  to  the  selection  of  a suitable  gage  Is  the  elec- 
trical power  available  In  the  automatic  weather  station. 

Signal  Corps  Contract  No.  SCL-15V64  states  that  a adnlmum 
amount  of  electrical  power  from  a 6-volt  storage  battery  source 
will  be  available  at  all  times  In  the  automatic  weather  station. 
In  addition,  U5**volt,  60-cycle,  a-o  power  will  be  available 
at  the  time  of  observation,  or  for  approximately  three  minutes 
once  every  three  hours. 


Limitations  of  Precipitation  Measurement a 


A precipitation  gage  samples  the  rainfall  or  snowfall  at 
a point.  Due  to  Inaccuracies  resulting  from  wind  and  turbu- 
lence effects  about  the  gage,  the  point  sample  does  not  always 
represent  the  actual  or  true  precipitation  at  that  point,  es- 
pecially during  strong  winds.  Caging  Inaccuracies  are  gener- 
ally more  pronounced  %rith  snowfall  than  with  rainfall  due  to 
the  density  dlfferenees.  When  a gage  Is  accepted  as  represent- 
ing precipitation  In  a given  ..rea,  further  sampling  errors  are 
Introduced  since  precipitation  will  vary  with  distance.  This 
sampling  Inaccuracy,  of  course,  will  be  greater  In  shower 
types  than  In  steady  types  of  precipitation.  It  also  will  de- 
pend upon  topography.  The  sampling  Inaccuracy  will  be  less 
prono:mced  when  precipitation  Is  averaged  over  longer  periods 
of  time,  that  Is,  the  areal  variations  tend  to  decrease  with 
time. 
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standard  gages  now  In  existence  do  not  provide  an  accur- 
ate measurement  of  snowfall.  The  literature  reveals  that  the 
snow-section-method  Is  still  accepted  as  the  most  accurate 
method  for  measuring  snowfall.  Several  ooMaratlve  studies 
made  by  Independent  observers  (References  53 i 556 y 329yl^7y 
369)  between  the  catch  of  a gage  and  snow  sections  have  shown 
that  the  average  gage  catch  Is  approximately  80^  of  that  ob- 
tained by  snow  sections.  These  sttodles  were  generally  con- 
ducted with  winds  less  than  15  mph.  With  stronger  winds  , It 
Is  to  be  expected  that  this  difference  would  Increase  due  to 
greater  wind  and  turbulence  effects. 


aiafiuaaloB  af,  Q^kIbi  gwriltloni 

The  Signal  Corps  has  designated  two  Arctic  locations y 
Shemya  Island  axvl  Point  Barrowy  as  representative  sites  %diere 
the  required  precipitation  gage  Is  to  be  used.  Thereforey  a 
summary  of  the  climate  at  these  two  locations  Is  presented  in 
the  follo%ring  paragraphs.  The  significance  of  various  climatic 
factors  In  the  selection  of  a suitable  Arctic  precipitation 
gage  will  be  discussed  later  In  the  evalxiatlon  of  existing 
types  of  gages. 

Arctic  Climatolosv.  Shemya  Island  and  vicinity  has  a 
maritime  climate  under  the  influence  of  the  Aleutian  low.  Cli- 
matic records  of  the  Air  Weather  Service  and  U.S.  Weather  1^- 
eau  Indicate  that  precipitation  in  this  section  of  the  Aleutian 
Chain  averages  about  60  inches  a year  and  ranges  between  20 
Inches  and  90  Inches.  The  precipitation  records  for  Shemya 
show  an  annual  average  of  25  inches,  based  on  less  than  10 
years  of  record.  In  view  of  the  rather  uniform  climatic  expo- 
siU'e  of  the  area,  and  the  much  larger  amounts  reported  by 
neighboring  stations  such  as  at  Attu  (60  Inches) y Atka  (70 
Inches) y and  Adak  (53  inches),  tne  reported  amount  of  rainfall 
appears  to  be  approximately  50  percent  deficient  with  respect 
to  the  region  It  represents.  The  average  sitf>wfall  Is  75  inches 
(approximately  7 Inches  water  eqtii valent)  and  occurs  during  the 
months  from  October  to  May.  Maximum  snow  depth  does  not  exceed 
two  feet.  Considering  the  average  winter  temperature  and  the 
small  annual  average  range  of  temperature  (19^F  <f)  in  this  areSy 
a moist  sticky  snow  may  be  expected  on  occasions.  Approxisuitely 
16  days  per  month  %rlll  have  precipitation  of  0.01  Inch  or  more. 
The  heaviest  amounts  of  precipitation  occur  In  the  late  fall 
and  early  winter^  while  the  lightest  amounts  are  xisually  re- 
corded In  late  spring  or  early  summer.  The  temperature  of  the 
Shemya  areay  In  keeping  with  maritime  provinces y fluctuates 
over  a comparatively  small  range  with  few  extremes  being  re- 
corded. The  yearly  average  Is  about  39" Fy  varying  from  an  aver- 
age of  50"F  for  August  to  31°F  for  Janxiary.  Persistent  and 
strong  winds  are  an  outstanding  characteristic  of  the  Aleutian 
Chain  and  are  due  to  the  Islands'  exposure  to  the  sesy  coupled 
with  the  cyclonic  effects  of  the  Aleutian  low.  On  a yearly 
basis y the  wind  will  exceed  15  mph  about  50  percent  of  the  tlmoy 
with  Slimmer  winds  belnx  the  lightest  while  winter  winds  will  be 
the  strongest.  Gales  T40  mph  plus)  are  frequent  and  may  be 
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expected  at  any  time  during  the  year. 

Point  Barrov  la  on  the  ahorea  formed  by  the  northern  coaat 
of  Alaaka  and  the  Arctic  Ocean)  and  Ilea  In  an  area  above  the 
Arctic  Circle.  The  area  la  op^  and  vlnd*8%rapt  during  moat  of 
the  year.  Conditions  are  truly  Arctic.  Precipitation  In  the 
region  la  acant,  averaging  leaa  than  five  Inchea  per  year. 

Of  this  five  IncheS)  about  50  percent  (2.5  Inches)  falls  In 
the  form  of  rain  during  the  stunner  months  of  June,  July)  and 
August)  with  July  being  the  wettest  month  of  the  year  having  an 
average  of  0.86  Inch.  The  other  50  percent  (2.5  Inches)  of  pre- 
cipitation falls  as  snow  during  the  remaining  nine  months ) and 
amoxmta  to  less  than  30  Inches  In  depth  on  an  annual  basis. 

The  actual  snow  cover  will  averag«^  between  20  and  30  Inches. 
October  Is  credited  with  the  most  snowfall  of  the  year  with  7*1 
Inches  as  a mean  monthly  total.  The  temperature  range  In  the 
Arctic  area  follows  more  along  continental  lines  In  spite  of 
the  presence  of  the  Arctic  Ocean.  Approximately  nine  laonths  of 
the  year,  the  Arctic  Ocean  Is  covered  by  Ice.  The  mean  dally 
minimum  temperature  for  January  la  -21.6^F  and  the  mean  dally 
maximum  temperature  Is  -8^F.  For  July,  the  mean  dally  nlnlaaim 
temperature  Is  33* 3° F and  the  mean  dally  maximum  Is  46.0^F. 
Temperature  extremes  reported  for  Point  Barrow  are  -56<*F  and 
•f78«F.  The  average  wind  speed  la  11.9  mph  with  October  being 
the  %rlndlest  month  having  an  average  of  14.2  mph.  Other  factors 
that  need  to  be  considered  In  Arc'.lc  conditions)  such  as  are 
prevalent  at  Point  Barrow)  are  the  existence  of  drifting  and 
blowing  snow.  Drifting  snow  constitutes  the  movement  of  snow 
over  the  ground)  ustially  In  a height  within  one  foot  of  the  sur- 
face. Blowing  snoW)  however)  has  been  observed  at  heights  over 
50  feet. 


Physical  Chyacterlatlca  of  the  Arctic.  Arctic  topography 
Is  characterised  by  level  tundra  extending  200  miles  Inland 
from  the  shores  of  the  Aretlc  Ocean.  Bluffs  along  the  shore 
vary  In  heights  from  5 to  30  feet  above  sea  level.  The  surface 
area  of  the  tundra  Is  approximately  one-half  water  In  the  form 
of  ponds ) lakeS)  streams,  and  marshes.  The  soil  Is  satxirated 
with  moisture)  permanently  frosen  and  subject  to  surface  thaw- 
ing to  a depth  of  12  to  16  Inches  during  the  short  summer 
season.  The  Ice  fields  themselves  are  comparatively  level  In 
nature.  Topography  must  be  considered  In  gage  exposure. 


Certain  animal  and  Insect  life  exists  In  the  Arctic  that 
may  Interfere  with  gage  operation.  Wolves ) bearS)  muskrats ) 
beavers ) rabbits ) and  elk  are  quite  common  and  such  birds  as 
ptarmigan)  ducks,  and  crows  may  be  expected.  Some  Insects  that 
may  be  expected  two  or  three  months  each  year  are  isosqultoes) 
gnatS)  and  flies. 


aiinrniiYY  TnutnuBAntAi  Problems.  Because  of  Arctic  cll- 
matlc  conditions)  a suitable  precipitation  gage  should  Incor- 
porate provisions  pertinent  to  the  accurate  measurement  of 
precipitation  In  this  region.  These  Include: 
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1.  Wind  shielding  of  the  gage  to  reduce  wind  and  tur- 
bulence effects  about  the  orifice* 


2*  Elimination  of  capping  over  of  the  gage  orifice  In 
vet I sticky  snow. 

3.  Liquifying  of  the  snow  In  the  gage  to  keep  the  re- 
quired gage  capacity  within  reasonable  limits. 

4.  Wind  compensation  of  the  recording  elements  to  re- 
duce large  vibrations  and,  consequently,  obtain  accept- 
ablejaeaauremant  accuracy. 

5.  Temperature  componsatlon  of  the  recording  elements 
to  maintain  s\iltable  sensitivity  and  accuracy  over  a 
vide  temperature  range. 

6.  Proper  exposxire  %d.th  respect  to  the  existing  snow 
surface  and  bloving  snow. 

These  problems  will  be  discussed  In  detail  In  later  sec*^- 
tlons  of  this  report. 

APDllcabinty  of  Known  Types  of  Gaaea  to  Arctic  Operations. 

Float  Gages.  Twenty-seven  float-type  designs  (pages  33  to 
39)  * covering  the  period  from  1840  to  1952,  were  revealed  by 
the  literature  survey.  The  use  of  the  float  gage  allows  simple 
magnification,  and  for  this  reason  It  may  be  made  to  record  to 
within  0.01  inch  accuracy. 


An  advantage  of  the  float  gage  Is  that  wind  compensation  is 
not  required  since  the  recording  unit  is  separated  from  the  col- 
lecting mechanlamj  Since  these  gages  are  primarily  designed 
for  rain  measurement,  a heating  system  must  be  employed  to  keep 
stored  vator  from  freezing  and  damaging  the  float  and  other 
working  parts  of  the  mechanism  when  they  are  used  for  snow 
measurement.  A limited  amount  of  power  Is  available  at  the 
automatic  weather  station  on  a continuous  basis,  xlovever.  to 
continuously  heat  a large-sized  apparatus,  such  as  a float 
siphon  rain  gage,  would  take  on  an  average  over  100  watts  on 
a continuous  basis  diu*lng  irinter  use  In  the  Arctic.  Since  heat- 
ing Is  required  to  keep  the  water  in  a liquid  state,  tempera- 
ture compensation  and  antifreeze  solutlcms  would  not  be  necess- 
ary, but  wind  shielding  would  be  required.  In  view  of  the  lim- 
ited power  available  on  a continuous  basis  at  the  weather  sta- 
tion, this  type  of  gage  does  not  appear  satisfactory  for  the 
contemplated  use. 

PU  fjgat  in  order  to  overcome  the 

effect  of  freezing,  a few  Inventors  (page  39)  have  transferred 
the  action  of  the  water  in  float  gages  to  fluids,  such  as  oil 
euid  mercury,  that  remain  liquid  at  low  temperatures.  Six  oil 
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and  mercxary  float  gages » developed  during  the  period  from 
1870  to  1951 » were  found  in  the  literature  (pages  39-^1) • 

Three  of  these,  the  Beckley  gaget  fig. 101;  the  Osnaghi  gage, 
and  the  Puess  gage,  fig* 102,  used  a siphon  system  to  discharge 
water  and,  therefore,  are  not  being  considered  for  the  auto* 
matic  weather  station  due  to  the  high  power  and  heat  require- 
ments necessary  (>100  watts)  to  keep  them  at  a temperature 
above  freezing.  Another  gage,  the  Capplemen  (flg.lO^)  piston 
gago  is  untested.  It  appears  that  it  would  have  large  fric- 
tional effects  besides  being  inoperable  below  -40<’F,  at  which 
temperature  a mercury  bath  would  solidify.  The  Rossi  snow 
gage  (Pig. 103)  was  especially  designed  for  snow  measurement. 

It  la  ^ gage  that  requires  daily  attendance  and  has  a capacity 
of  only  two  Inches.  For  these  reasons  it  is  not  acceptable 
for  use  with  the  automatic  weather  station. 

The  Japanese  Weather  Service  gage  (Pig. 105)  was  especially 
designed  for  all  forms  of  precipitation.  This  gage  does  have 
some  possibilities  for  Arctic  use,  although  its  capacity  is 
limited.  It  vrill  be  discussed  in  greater  detail  in  the  follow- 
ing i^ection.  In  general,  the  oil  and  mercury  gages  require 
heat  to  forestall  capping,  have  a low  capacity,  need  antifreeze 
solutions,  temperature  compensation,  wind  shielding,  and  poss- 
ibly wind  compensation. 

Weight-Type  Oases.  Twenty-four  weight-type  gages  (pages 
41-47),  covering  the  period  from  1037  to  1952,  have  been  re- 
vealed by  the  literature  survey.  Twelve  of  these  have  not  been 
found  suitable  for  consideration  as  Arctic  gages  because  they 
are  continuous-operating  types  designed  mainly  for  measuring 
rainfall  and  require  continuous  heating  and,  consequently,  the 
power  requirements  are  too  high  for  use  in  the  automatic  wea- 
ther station.  These  twelve  gages  are  as  follows: 

1.  Osier's  flgcioe 

2.  Dr.  Kreils,  fig. 10? 

3.  Casella's,  fig.108 

4.  Capello's,  fig. 109 

5.  Hottingers,  fig.  110 

6.  Draper's,  fig. Ill 

7.  Ellery's.  ^ig.ll2 

o.  Richard  FrereSf  fig. 113 

9.  Rung's,  fig. 114 

10.  Maurer's,  fig. 115 

11.  Halliweli's,  fig. 119 

12.  Imber's,  fig. 123 
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Cf  the  remaining  twelve  gages;  six,  Marvin's  gage.  fig. 117; 
Grover's  gage,  fig.llS;  Sprung's  gage,  fig.  122;  olettenmark' s 
gage,  fig. 127;  Maltais'  gage,  fig. 128;  and  Conover's  gage.  fig. 
131,  are  made  for  attended  operation  and  wo\ild  not  bo  satis- 
factory for  unattended  operation. 

The  Stevens  type  Q12M  (Figure  I89)  was  especially  designed 
for  remote  recording  and  large  capacity.  In  its  present  form, 
with  the  telemark  coding  mechanism,  it  oould  be  used  for  an  auto- 
matic weather  station.  However,  it  is  extremely  doubtful  that 
the  Signal  Corps  technical  requirements  would  be  met  by  this 
gage  in  its  present  form.  The  Pries  (Figure  125)  * the  Fergusson 
XFigure  116),  the  Rohrdans  (Figure  120).  and  the  Hellmann 
(Figure  121),  are  weight-type  gaguS  having  limited  capacities 
that  would  make  them  unsuitable  for  use  at  an  unattended  weather 
station  in  their  present  forms.  The  Hillson  rain  and  snow  gage 
(Figures  129  and  13O)  was  designed  for  attended  operation. 
However,  there  is  a possibility  that  it  oould  be  used  in  low 
precipitation  areas  %diere  its  capacity  would  not  be  exceeded. 

Of  the  woight-type  gages  mentioned,  all  can  be  equipped  with 
standard  wind  shielding  except  the  Nillson.  Special  provisions 
would  Ok.',  needed  by  all  of  the  gages  to  overcome  capping.  In 
most  cases,  capacity  is  not  sufficient  for  areas  such  as  Shemya 
Island  and  an  antifreeze  problem  must  be  considered,  along  with 
temperature  compensation,  wind  shielding,  wind  compensation, 
and  capping. 

Rate  Recordera.  Twenty-six  rate  recorders  (pages  47-55) » 
covering  the  period  1862  to  1952,  were  found  in  the  literature 
search.  Since  all  of  them  require  continuous  boating  to  pre- 
vent measuring  inaccuracies  and  instnunent  damage  due  to  ice 
formation,  they  would  not  be  suitable  for  use  with  the  auto- 
matic weather  station  where  power  requirements  are  limited. 

Remote  Racordins  Gages.  Ten  instruments  designed  specific- 
ally -forrOTOteoperation  were  studied.  Five  of  these  gages 
were  eliminated  from  consideration  for  Arctic  use  since  they 
were  designed  for  the  measurement  of  rain  only.  These  five 
gages  are  as  follows: 

1.  Cerebotani  and  Silberman's  gage,  fig.l86 

2.  T.V.A.  gage,  fig.l87 

3.  U.S.  Signal  Corps  gage,  fig.138 

4.  Japanese  gage,  fig. 193 

5.  A.E.C.  ;iage,  fig.l40 

The  latter  five  are  as  follows:  the  Stevens  Type  Q12N 
(Fit^ure  189),  the  Di amend -Hinman  modified  Fries  (Figure  190), 
the  U.S.  Weather  Bureau  modified  Fries  (Figure  192),  the  Bur- 
eau of  Reclamation  radio  reporting  gage,  and  the  radioactive 
snow  gage  (Figtire  I63).  All  but  the  radioactive  snow  gage  re- 
quire cap  prevention,  temperature  compensation,  wind  compensa- 
tion, and  wind  shielding.  The  Stevens  and  Fries  gages  will  be 
discussed  in  greater  detail  later. 
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figfcluatiQn  Qf  Specific  Gagaa. 


A total  of  97  gages  were  evaluated  for  Arctic  use*  None  of 
these  gages  In  their  existing  form  are  satisfactory  for  contin- 
uous operation  at  an  unattended  Arctic  weather  station  under  the 
conditions  of  the  Signal  Corps  technical  requirements*  It  Is 
doubtful  thatoiy  of  these  gages  with  feasible  modifications  can 
meet  tho  rigid  requirements , which  specify  an  accuracy  of  0*01 
inch  with  operation  in  a temperature  range  of  -60^P  to  •fl20^P 
in  %rinds  up  to  150  mph  and  yearly  maintenance*  tafith  certain 
modifications  it  appears  that  some  existing  gages,  such  as  the 
Stevens  Q12M,  could  be  used  in  the  Arctic  as  an  interim  solution 
to  the  problem*  The  foregoing  conclusion  recognises  that  the 
Signal  Corps  requirements  would  not  be  entirely  met  and  the 
gages  might  not  operate  satisfactorily  on  every  occasion*  Con- 
sidering the  unavoidable  errors  Inherent  in  present  day  gaging 
techniques,  especially  in  snow  measxaroment,  lowering  of  the 
technical  requirements  appears  logical* 


The  following  gages  in  their  present  forms  present  some  pos- 
sibility for  unattended  operation* 

Tho  Japanese  Weather  Service  Cage  (Figure  105)  has  its  re- 
ceiver and  platform  floating  in  oil*  As  the  receiver  descends 
duo  to  the  addition  of  precipitation,  a record  is  made  of  the 
platform's  progress  on  the  chart  of  a clock-operated  drum,  sim- 
ilar to  a water  stage  recorder*  The  instrument  wovild  need  spe- 
cial shielding  as  its  shape  is  not  suitable  for  available  Alter 
shields*  Capping  would  bo  a problem  with  the  gage,  and  some 
method  would  have  to  be  incorporated  to  overcome  this*  The  cap- 
acity of  tho  gage  is  limited  and  appears  to  be  less  than  l8 
inches*  No  provisions  are  made  for  converting  the  snow  into 
water  equivalent  and  thus  roducing  its  volume.  Temperature  com- 
pensation of  the  oil  is  not  made  and  wind  compensation  would 
have  to  be  considered*  Detailed  plans  and  specifications  for 
this  gage  cu'e  not  available  at  this  laboratory* 


The  Stevens  Weight-Type  <jl2M  Cage,  with  telemeter  recorder 
Q12NR  (the  telemark),  is  designed  for  automatic  weather  station 
operation.  The  gage  operates  on  a counter  balance  system*  It 
is  available  in  capacities  up  to  60  inches  of  precipitation  and 
has  provisions  for  60  inches  of  antlfreese  solution*  A swing- 
ing baffle  type  shield  is  provided  with  the  gage.  Provisions 
would  havo  to  be  made  for  reducing  capping  effect  at  the  orificm 
Temperature  and  wind  compensation  would  have  to  be  considered* 
The  Stevens  gage  is  tho  only  commercially  available  gage  de- 
signed specifically  for  remote  operaticni* 

Other  weight-type  gages  such  as  the  Fries,  the  Hellmann, 
Rohrdans,  euid  Fergusson,  with  design  modifications,  might  be 
made  applicable*  Conventional  shielding  could  be  used  on  all 
these  gages*  These  gages  do  not  have  capacity  enough  for  un- 
attended operation  in  the  Arctic,  although  with  modifications 
they  could  possibly  be  used*  Temperature  compensation,  wind 
compensation,  wind  shielding,  and  capping  are  other  factors  that 


would  have  to  be  considered* 
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The  Bureau  of  Reclamation  has  designed  a radio-reporting 
gage  especially  designed  for  unattended  operation  In  regions 
that  have  a large  amount  of  snow*  The  gage  Incorporates  a 
heated  catch  ring  to  prevent  capping  ad  apparently  uses  a weight- 
type  system  for  reporting*  No  plans  or  data  are  available  on 
the  gage's  operation  at  this  tlM*  Ho%rever)  such  Information 
has  been  requested  through  the  proper  channels)  and  an  evalua- 
tion will  be  made  upon  receipt  of  this  Information* 

The  radioactive  snow  gage  was  designed  specifically  for  re- 
mote recording  operation  and  the  measurement  of  depth  of  snow 
on  the  ground*  in  Its  present  form  It  Is  not  suitable  to  meas- 
xu:e  rain*  According  to  Gerdel)  one  of  the  developers  of  the 
gage)  It  would  not  be  suitable  for  Arctic  operation  because  of 
the  excessive  amount  of  cosmic  Interference  to  the  measuring 
system*  A method  would  have  to  be  developed  to  make  the  gage 
suitable  for  rain  measureisent*  Capping.  %rlnd  shielding,  wind 
compensation)  and  temperature  compensation  are  not  problems 
with  this  gage*  The  gage*  capacity  of  55  Inches  would  not  be 
suitable  for  Shemya  on  an  annual  basis* 

Diacusslon  of  Instrumental  Problems 

Wind  Shields.  The  function  of  the  wind  shield  Is  to  place 
the  orifice  of  the  gage  In  an  undlstxurbed  flow  of  air  by  di- 
verting the  wind  flow  down  and  around  the  gage  azKl  preventing 
updrafts  along  the  body  of  the  gage.  Of  the  many  shields  de- 
veloped (pages  26-31))  only  the  stringing  baffle  type  of  gage 
(Figure  73)  has  proven  applicable  to  unattended  operation.  The 
reason  for  this  Is  that  the  baffle  movement  decreases  Ice  and 
snow  accumulation*  The  Nlpher  shield  (Flg\u*e  7)  has  enjoyed 
considerable  success  tdiere  It  was  used  at  attended  stations)  and 
comparisons  In  the  field  has  shown  It  to  catch  a small  aoiount 
(1-5)0  more  than  the  Alter* 

C.C,  Warnlck)  of  the  University  of  IdahO)  has  been  conducting 
%dnd  tunnel  tests  of  baffle-type  shields  and  has  developed  models 
that  show  an  Improved  catch  over  previous  shields*  dls  'Modified 
Alter  I")  developed  as  a result  of  %d.nd  tunnel  testS)  has  been 
field  tested  and  has  proven  to  be  a rugged  and  effective  %rlnd 
shield*  Recent  wind  tunnel  tests  with  a newly  developed  "Shastk' 
shield  have  glvan  Indications  of  being  even  more  effective* 

The  "Shasta"  shield  employs  the  swinging  baffle  of  the  Alter 
shield  in  conjunct; on  with  the  cutting  edge  to  windward  of  the 
Nlpher  shield* 

The  efficiency  of  a shield  decreases  rapidly  as  the  wind 
speed  Increases  above  15  mph  (References  31^t  ^50))  and  for 
catching  snoW)  It  Is  very  low  when  the  winds  exceed  40  to  50  mph. 
Results  of  the  rim  effect  study)  presented  In  the  Fifth  quarter- 
ly Report)  further  support  these  findings  with  respect  to  de- 
creased catch  efficiency  with  Increasing  wind  speed*  Although 

Warnlck' s developments  apparently  Improve  the  catch  effici- 
ency with  respect  to  other  shields  In  US8)  It  Is  doubtful  that 
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accurate  snow  Measurenents  can  be  accoapllshed  over  a wide 
raxige  of  %rlnd  speeds  with  shielded  gages*  At  unattended  sta- 
tions) %d\ore  snow  sections  cannot  be  taken)  this  catch (bflclency 
%dth  existing  gages  must  be  accepted  when  high  wind  speeds  occur* 

CaPDlns.  The  orifice  of  a precipitation  gage  Is  likely  to 
cap  over  when  wet  sticky  snow  falls ) the  wind  Is  light,  and  the 
temperature  Is  near  32*F*  The  use  of  continuously  heated  oatch 
rings  for  the  gage  orifice  Is  the  most  acceptable  means  for  pre- 
venting capping*  The  effectiveness  of  Intermittent  heating  Is 
questionable)  but  It  might  be  effective  when  capping  conditions 
are  not  severe*  Coonerclally  available  gages  are  not  equipped 
%rlth  heated  catch  rings ) but  It  Is  believed  that  the  necessary 
modifications  can  be  Incorporated  Into  these  gages*  The  capp- 
ing problem  Is  probably  greater  In  the  Shemya  area  than  at 
Point  BeirroV)  where  near  f roesing  temperatures  have  a low  fre- 
quency of  occurrence*  The  limited  amount  of  power  available  on 
a continuous  basis  at  the  automatic  weather  station  makes  the 
solution  of  this  problem  difficult* 

LlQUlfylna  of  Snow.  An  oil-coated  antlfreese  solution  Is 
the  usiuil  Bkeans  for  liquifying  si'ow*  Calcium  chloride  Is  most 
often  used  as  It  melts  the  snow  by  Its  heat  of  solution*  An  oil 
film  prevents  lose  of  the  catch  by  evaporation*  The  freezing 
point  of  an  antlfreese  solution  rises  rapidly  as  the  solution 
becomes  more  dilute  due  to  the  precipitation*  The  amount  of 
Initial  charge  of  the  antlfreese  depends  on  the  following  three 
factor St 


1*  Date  of  charging 
2*  Anticipated  precipitation 
3*  Mlnlonm  temperature 

In  the  Shemya  area,  the  snow  season  appears  to  be  from  Nov- 
ember though  March*  using  precipitation  data  from  Attu  And 
Atka  as  being  more  representative,  due  to  the  short  and  ques- 
tionable record  at  Sh^nya)  the  anticipated  precipitation  (rain 
and  snow)  during  this  period  Is  33  Inches ) or  for  periods  of 
extrtmeS)  approximately  50  Inches.  The  minimum  temperature 
reported  at  ohemya  Is  18°F*  This  should  be  a safe  lower  limit 
for  estimating  antl-freeze  needs*  Using  the  above  data)  an 
Initial  charge  of  305^  calcium  chloride  of  29  inches  would  pro- 
vide protection  to  'flS^F  during  the  period*  Considering  that 
approximately  40  Inches  more  precipitation  could  occur  during 
the  resialnder  of  the  year  (April  - October) ) the  total  gage 
capacity  required  for  an  extremely  wet  year  would  be  29*>50*^ 
or  119  inches*  The  date  of  charging  with  calcium  chloride  as 
Indicated  hy  climatological  records)  shoxxld  be  during  the  fl-st 
week  In  November. 


At  Point  Barrow,  the  use  of  calcium  chloride  as  a liquifying 
agent  Is  qi;iestlonabie*  The  freezing  point  of  a mauclmum  concen- 
trated salelum  chloride  solution  Is  -59*o®F,  and  a small 

addition  of  water  quickly  raises  the  freezing  point  of  the  sol- 
ution. The  mean  annual  minimum  for  areas  ov,r  the  Arctic  Ocean 
appears  to  be  near  -50°P*  Xf  the  gage  were  Initially  charged 
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at  the  be^lnnin^  of  the  snow  season  in  Soptombor,  according 
to  cliaatological  records,  an  an^roxiaate  maxiimm  of  four 
inches  (water  equivalent)  of  snow  aay  be  expected  to  occur 
through  the  end  of  the  season  in  May.  An  initial  charge  of 
148  inches  of  30^  calcium  chloride  solution  would  bo  nocos* 
sary  to  provide  protection  to  -50® P during  the  snow  season,  a 
total  gage  capacity  of  156  inches  X>uld  be  required  for  an  avoragi 
year  even  though  the  annual  mean  precipitation  is  only  M-.  31 
inches. 


The  capacity  of  the  gage  usually  depends  upon  the  amount 
of  initial  charge  required.  If  the  gage  were  serviced  more 
than  once  per  year,  then  an  important  reduction  in  capacity 
required  could  be  made  at  Sheaya.  By  servicing  at  the  begin- 
ning and  end  of  the  snowfall  season,  the  required  capacity 
c.uld  be  reduced  from  119  inches  to  79  inches.  At  Point 
Barrow,  by  servicing  the  gage  at  the  beginning  of  the  snow 
season  (September)  and  again  in  midwinter  (January),  a 
capacity  of  80  inches  would  be  sufficient. 

Calcium  chloride  solutions  react  rather  rapidly  with  sosie 
metals  in  the  presence  of  oxygen  cau-ing  corrosion.  This 
action  may  be  reduced  by  applying  a protective  coating  of 
asphalt,  or  galvanizing  the  parts  that  come  in  contact  with 
the  solution.  Care  must  be  exorcised  to  avoid  splashing  any 
of  the  solution  on  the  weighing  mechanism  whan  charging  the 
gage. 

According  to  Oerdels*  graph  on  the  freezing  points  of 
antifreeze  solutions  presentv;d  in  the  Fifth  v^rterly  Report, 
the  only  other  chemical  that  has  a freezing  point  suitable 
for  Artie  use  is  Ethyl  alcohol,  a 72%  (by  weight)  solution 
has  a freezing  point  of  -60®F.  At  Point  Barrow,  where  low 
tempei'atures  exist  throughout  the  wintor,  there  is  a possi- 
bility that  Ethyl  alcohol  might  be  used  as  an  antifreoze. 

Vapor  pressure  of  Ethyl  alcohol  varies  from  0.39  an  at  -40®F. 
to  5.6  mm  at  14^ F.  This  compcr.s  favorably  with  that  of  water 
at  low  temperatvires.  If  the  use  of  the  alcohol  were  confined 
to  months  when  temperatures  less  than  14®F.  prevailed,  then 
the  ostlmjtod  loss  of  solution  would  be  0.5  to  1.0  inch  per 
month.  The  temperat\xre  during  cha  snow  season  is  normally  less 
than  1V>F.  The  required  initial  charge  would  amount  to  approxi- 
mately 30  inches  compared  to  l4d  inches  with  calcium  chloride. 
Tests  would  be  needed  to  determine  the  solubility  of  ice  in 
alcohol,  heat  requirements,  rate  of  evaporation  from  the  gage 
and  corrodibility.  Due  to  the  high  vapor  pressure  at  hizher 
temp.iraturos,  alcohol  could  not  be  used  effectively  at  shemya. 

The  use  of  an  oil  film  to  prevent  evaporation  would  not 
be  absolutely  necessary  since  the  loss  of  catch  due  to  this 
cause  would  be  recorded  by  the  gage.  Not  using  an  oil  film 
also  improves  the  liquifying  action  of  the  solution  and 
slightly  decreases  rhe  necessary  gage  capacity.  Improvement 
of  the  liquifying  action  is  brought  about  by  the  fact  that 
light,  dry  snow  experiences  difficulty  penetrating  the  oil 
film. 
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Wind  Compenaation.  With  weight-type  gages,  wind  compen- 
sation Is  a factor  whenever  the  fxmnel  allows  the  entire 
s\irface  of  the  receiver  to  come  in  contact  with  internal 
eddies  formed  when  the  wind  blows  over  the  gage.  Oscillations 
of  the  pen  arm  occur  at  high  wind  velocities  and  dampening  Is 
difficult  without  closing  the  gage  orifice.  Oscillations  of 
the  pen  arms  of  0.02  to  0.03  Inch  nave  been  noted  on  welgnt- 
type  gages  when  the  wind  was  50  mph.  Depending  on  the  scale 
ratio  used,  this  cuuld  result  in  errors  from  ±0.05  inch  for 
a Itl  ratio  to  ±0.12  Inch  for  a 5^1  ratio. 
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Temparatura  CQmpQn|ation.  At  Point  Barrow  where  the  tem- 
pera turerangoafromi^5W  ‘♦•7QP»  temperature  compensation 

of  the  recording  elements  would  be  required.  In  the  Shemya 
area,  this  would  not  bo  as  critical  a factor  as  the  tem- 
perature ranges  from  about  -flS®?  to  ■♦•58®?«  The  problem  of 
temperature  compensation  for  precipitation  depends  upon 

the  method  of  operation  that  Is  selected.  This  In  turn  depends 
upon  the  type  of  gage  selected.  Manufacturers  of  Stovens  and 
Fries  gages  state  compensation  is  made  for  a tempera! ^*e  range 
from  -20®  F to  ■♦■120*  F. 

Page  Exposure.  It  would  be  desirable  to  place  the  precipi- 
tation gage  at  a sufficient  height  to  be  above  the  expected 
maximum  snow  level  and  above  the  level  of  blowing  snow.  A 
height  of  five  or  six  feet  at  Sheaya  and  four  feet  at  Point 
Barrow  should  place  the  gage  above  the  maximum  snow  level* 
Blowing  snoW)  however,  may  occur  to  heights  of  50  feet  and 
may  occur  approximately  35  times  per  year  at  Point  Barrow. 

Data  on  the  frequency  of  blowing  snow  at  Shemya  are  not 
available. 

Due  to  added  wind  effects  at  an  olovatlon  of  50  feet, 
placement  of  the  precipitation  gage  at  this  level  is  not  recom- 
mended. Blowing  snow  will  occur  with  relatively  strong  winds. 

In  view  of  the  low  catch  efficiency  of  gages  with  snow  in 
strong  winds,  It  Is  doubtful  that  blowing  snow  will  Intro- 
duce a serloxis  quantitative  error  in  snow  measurement  over  a 
season,  especially  when  all  other  sources  of  error  are  con- 
sidered. It  will,  of  course,  make  snow  frequency  studies 
difficult  with  data  from  tinattended  stations. 

Discussion  of  Signal  Corps  Reauiremonts 

Referring  to  paragraph  1 un  rr  the  listing  of  Signal  Corps 
technical  requirements,  a sensitivity  of  0.01  Inch  for  the 
measurement  of  rain  may  be  accomplished  by  magnification  of 
the  catch.  This  is  accompli shod  by  directing  the  precipitation 
over  a large  area,  such  as  thv,  orifice  of  a gagOt  & con- 

tainer having  a small  oross-sectlonal  area.  The  resulting 
concentration  may  then  be  measured  by  Its  weight  which  is  a 
multiplication  of  the  actual  precipitation.  In  order  to 
achieve  large  capacity,  a repeating,  cyclic,  emptying  action 
Is  employed  to  dispose  of  the  measured  contents.  Since  snow 
will  not  flow  as  a liquid  unless  It  Is  melted,  the  foregoing 
method  of  concentration  and  continuity  Is  not  feasible  where 
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It  must  be  treated  In  the  solid  state.  Tho  weight-type  gage} 
so  often  used  In  snow  measurefflunt}  sacrifices  sensitivity  for 
capacity  since  an  acceptable  automatic  method  to  dispose  of 
the  catch  has  not  boon  found.  According  to  the  manufacturer, 
the  Bendix-Frloz  Universal  Recording  Oage.  has  an  accxiracy  of 
0,06  inch  over  a temperature  range  of  -20F*  to  +140F  while  the 
Stevons  (jl2M|  4d-lnch  capacity  recorder  is  accurate  to  0.02 
inch.  Tho  Stevens  60-inch  capacity  gago  is  supposedly  accurate 
to  0.1%  full  scale  or  0.06  inch,  a weight^typo  recording  gage 
appears  to  bo  the  most  satisfactory  available  gage  for  the 
automatic  weather  station}  considering  all  factors}  although 
achievement  of  the  0.01-lnch  accuracy  does  not  appear  feasible 
at  this  time.  The  requirement  for  a 3-hour  capacity  of  three 
inches  can  bo  easily  met  by  the  weight-type  gages  under 
consideration. 


The  requirement  for  operation  over  a temperature  range  of 
-60®F  to  '♦•1?0®F  would  probably  necessitate  modification  of  tho 
temperature  compensating  mechanism  in  existing  weight-type 
gages.  Furthermore}  tho  antifreeze  problem  becomes  critical 
at  -60»F.  Calcium  chloride } generally  accepted  as  the  best 
antifreeze}  has  a freezing  point  of  -59*8^F  in  its  nost 
effective  concentration,  and  the  freezi^  point  rises  as  pre- 
cipitation dilutes  tho  solution. 

AS  stated  previously,  the  Frlcz  and  Stevens  gages  main- 
tain their  rated  accuracy  over  a range  of  -20°F  to  120°F.  The 
Stevens  gage  employs  a temperature-compensated  linkage  while 
the  Friez  gago  used  a temperature-compensated  spring.  Same 
investigators  (References  505i  539*  687)  have  used  heaters 
within  tho  housing  of  the  gago  to  melt  snow  and  also  keep  the 
moving  parts  of  tho  mechanism  warm.  Estimates  indicate  that 
moro  than  400  watts  would  be  necessary  to  keep  the  interior 
of  an  insxxlatod  8-inch  standard  gage  at  35^F,  .;hon  tho  air 
temporatxiro  is  -60®F.  and  the  wind  velocity  is  150  mph. 

To  achl-ve  satisfactory  operation  at  wind  speeds  of  150 
mph  presents  a structxiral  problem,  oxperionce  has  shown  that 
structvural  failvurc  often  occurs  in  wind  shields  before  wind 
speeds  reach  100  mph.  The  gage  itself  would  require  rein- 
forcement and  special  anchoring  devices.  Table  I illustrates 
the  eunoimt  of  wind  pressuro  on  tho  Stevens  high  and  low  ca- 
pacity shielded  gages,  and  on  on  Alter  shield  with  winds  of 
50}  100  and  150  mph. 


TABLE  I 


PiFFI:X:T  OP  WIND  VELOCITY  ON  TOTaL  WIND  PRESSURE  ON  SHIijIDS 
AND  SHIELDED  HIGH  AND  LOv/  CAPACITY  GAQBS 

■ 

Projected  Area 
ADDoratus  Sa.  Feet 

ADoroxlmate 

SinS 

"5?  Tf  ?!  - 

IJP 

Alter  Shield  5. 5 

High  Capacity 
shl-lded  gage  1^.0 

Low  Capacity 

' 

75  j 290 

26H 

670 

m. 

Calciilatlon  of  strossos  Involvod  when  the  wind  Is  150  mph 
IndlCd'.e  that  strengthening  of  the  chains » bolts  ^ screws | and 
fasteners  on  the  large  capacity  gaju  would  be  necessary.  The 
calcu'.atod  safety  factors  of  the  largo  capacity  equipment  were 
10  fer  collapse  of  housing  but  only  2 for  the  enduranco  limit 
of  tbe  3/8  inch  onchor  bolts.  The  cdculutions  are  supported 
by  ccrrespondence  with  tho  g«.ge  manufacturer  who  indicates  that 
the  t>aso  would  need  modification  by  using  X/T.  inch  anchor  bolts. 
Expej'ience  has  shown  that  failxire  of  wind  shields  was  due  to 
fatigue  or  repeated  stress  iuring  thu  buffeting  that  occurs  In 
high  winds. 

The  requirement  for  an  xmattended  period  of  one  year  necossi-^ 
tates  use  of  large  capacity  ga^sCS.  For  example » the  precipi- 
tation in  the  western  portion  of  the  Aluetlan  Chain  averages 
about  60  inches  annually.  This  is  boyond  i.ho  capacity  of  most 
gages  unless  a moans  a catch  disposal  is  employed.  Catching 
of  snow  often  requires  an  antifreeze  solution  as  a liquifying 
agent  which  in  turn  increases  the  size  of  gage  nocessary  for 
a given  capacity. 

The  limited  amount  of  power  available  restricts  the  use  of 
power  on  continuous  basis  for  such  functions  as  llqulfication 
of  snoW|  deicing I and  temperature  compensation.  The  calcu- 
lated heat  requirements  of  an  insulated.  8-lnch|  U. S.W.B. 
standard  g&ge,  kept  at  35^F.  with  an  outside  temperature  of 
-60  P. ) are  as  follows: 


Estimated  Power 

Wind  Velocity,  rnnh  Conauaption.  Watts 

15  104 

60  240 

150  416 

gUKMaUcna  for  Hgflilififltlon  ol  §iml  Corea  fiflamrflBgnli 

It  is  recomnonded  that  Signal  Corps  technical  require- 
ments be  modified)  at  least  for  the  present,  to  make  the  use 
of  commercially  available  gages  fcusiblo  at  the  automatic 
weather  station.  The  suggested  modifications  are  as  follows: 

1.  Lower  tho  accxiracy  requirement  from  0.01  inch  to 
0.06  inch. 

2.  Permit  use  of  a >50^P  minimum  temperature  instead  of 
-600 F for  tho83  stations  or  areas  %diore  climatological  records 
show  -50oP  to  be  within  the  limits  of  record  lows.  This  per- 
mits tho  use  of  calcium  chloride  as  an  antifreeze  in  areas 
such  as  Barr9W.  Calcixun  chloride  is  not  satisfactory  at 
-60®F  since  it  nas  a freezing  point  of  -59.8®F  in  its  most 
effective  concentration,  and  its  freezing  point  rises  as 

tho  solution  is  diluted  by  precipitation. 


TT  /• 


0 -Ve  ^ • 

-----  — 

3*  Permit  use  of  a maximum  wind  speed  of  75  mph  Instead 
of  150  mph  In  regions  here  climatological  records  show  this 
to  be  realistic.  It  Is  doubtful  that  available  wind  shields 
can  meet  the  structural  requirements  for  oper«-tlon  at  150  mph 
without  sacrifice  of  oporotlonal  efficiency* 


4.  Permit  g^ge  maintenance  two  to  three  times  per  year 
Instead  of  once  per  year.  This  will  simplify  gage  capacity 
requirements  and  Increase  the  utility  of  antifreeze  solutions. 


geiBCtlon  of  Interim  Precipitation  Measuring  Equipment 

With  the  ijuggosted  modifications  to  the  technical  require- 
ments} It  appears  that  one  of  the  existing  weight-type  gagas } 
with  modifications}  offers  a partial  solution  to  precipitation 
measxiremant  at  an  unattended  Arctic  weather  station.  A modi- 
fied weight-type  gage  should  bo  satisfactory  under  most  weather 
conditions  for  collecting  precipitation  data  for  climatological 
and  forecasting  purposes.  Cw>nsldering  both  upollcablllty  and 
availability}  the  Stevuns  appears  to  be  the  best  choice  among 
preiently  available  gages^' 


Wltyl  Shielding.  The  Alter  swinging  baffle  type  of  shield 
(^Ig*  73)  Is most  suitable  for  arctic  use  as  constant  move- 
ment of  the  baffles  decreases  snow  and  Ice  acctuoPLilatlons.  The 
"Modified  Alter  I"  shield  developed  by  Warnlck  has  been 
proven  In  field  trials  and  Is  recommandod  for  any  Immediate 
use.  The  field  trials  of  the  more  recent  Warnlck  development} 
the  "Shasta"  shield,  shotild  be  followed  since  wind  txmnel  tests 
Indicate  this  shield  may  be  more  efficient  than  the  "Modified 
Alter  I", 


The  "Modified  Alter  I"  Is  not  available  conaerclally. 

Plans  specifications  are  available  In  the  Transactions} 
American  Geophysical  Union}  Vol.  34}  No.  3>  June  1953*  If 
necessary  further  details  can  be  obtained  from  Professor 
Warnlck  at  the  University  of  Idaho. 

Antifreezes*  The  use  of  an  antifreeze  solution  In  the 
precipitation  ^age  for  the  automatic  weather  station  shotxld 
be  avoided}  If  possible*  This  Is  desirable  because  of  the 
addad  capacity  that  Is  necessary  to  accommodate  the  Intial 
antifreeze  charge  and  because  of  Instrument  damage  which  may 
resxilt  from  the  corrosive  nature  of  the  mor«  effective 
typos  of  antifreezes. 

In  the  Shemya  area,  the  anticipated  snowfall  Is  approximately 
75  Inches  during  the  winter*  At  Point  Barrow  approximately  45 
Inches  of  snow  may  be  expected.  The  capacity  ronUirements 
are  easily  met  by  the  Stevens  Q12M  which  has  an  overall 
capacity  of  120  Inches* 

Without  the  use  of  an  antifreeze}  the  snow  Is  likely  to 
pile  up  on  the  side  of  the  receiver  that  Is  opposite  to  the 
prevailing  wind  during  times  of  precipitation.  It  Is  quite 
possible  that  this  plled-up  snow  can  be  liquified  by  heating 
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the  bucket  during  the  coding  Intervals*  Field  trials  would 
bo  necessary  to  evaluate  this  problem*  The  receiver  of  the 
gage  would  need  to  be  constructed  so  that  repeated  freezing 
of  the  water  would  not  b\irst  it  seams* 


If  this  method  is  unsatisfactory » the  use  of  calciiim 
chloride  as  an  antifreeze  is  then  recommended  for  those 
stations  where  the  expected  minimum  temperature  does  not 
reach  below  -50oF.  Tests  have  shown  this  to  be  the  best 
antifreeze  presently  available  for  most  purposes  (see  Fifth 
(quarterly  Report).  Initial  charge  of  the  antifreeze  will 
depend  upon  expected  minimum  temperature)  expected  pre- 
cipitation) and  frequency  of  gui^e  attendance*  Proper  pro- 
portioning within  a gage  may  be  obtained  from  tables  in 
"Operations  and  Maintenance  of  Storage  Precipitation  Gages" 

(Rei erence  948)* 

The  maximum  available  overall  capacity  in  existing 
commercial  gages  is  120  inches  (precipitation  plus  anti- 
freeze) provided  by  the  Stevens  w 12M*  Calculation  have 
been  made  of  capacity  requirements  for  the  Shemya  and 
Pt*  Barrow  areas.  Calculated  meucimum  capacity  for  Shemya 
is  119  inches  on  an  annual  basis  and  90  inches  on  a seasonal 
semi-annual  basis*  This  allows  for  90  inches  of  annual  pre- 
cipitation and  antifreeze  protection  to  18®F* 

At  Point  BarroW)  the  calculated  capacity  requirement  is 
156  inches  on  an  annual  basis  and  80  inches  on  a semi-axmual 
basis*  This  provides  for  an  annual  precipitation  of  8 Inches 
and  antifreeze  protodtion  to  -50^F,  The  120-inoh  capacity 
gage  would  have  to  be  charged  twice  yearly)  with  initial 
charging  at  the  beginning  of  winter  and  recharbing  in  mid- 
winter* 

In  order  to  obtain  maximum  efficiency  from  the  calcium 
chloride)  some  moeuis  of  agitating  and  heating  the  solution 
should  be  ccxisidared*  The  need  for  this  exists  since  un- 
disturbed solutions  tend  to  stratify  with  the  heavier 
calcium  chloride  sinking  to  the  bottom,  while  the  lighter 
soluticoi  forms  a layer  of  ice  on  the  top* 

Evaporation  from  the  receiver  in  Arctic  areas  during 
the  %rlntor  months  is  less  than  one  inch  per  month  and  would 
be  less  then  0*01  inch  between  3-hour  observations*  Ex- 
perience has  shown  that  maximum  evaporation  effects  would 
occur  at  Shemya  during  the  summer  months  and  would  be  no 
greater  than  approximately  0.01  inch  per  3-hour  period* 

Should  this  rate  be  objectionable)  it  may  be  reduced  by  an 
initial  charge  of  light  oil  in  the  receiver*  However) 
where  an  antifreeze  Is  used,  the  use  of  oil  is  not  recommended 
since  any  benefits  obtained  by  reducing  the  evaporation 
may  be  overcome  by  the  increasing  difficulty  for  snow  to 
penetrate  the  oil  film  and  reach  the  solution* 
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Tests  should  bo  conducted  to  determine  If  heating  the  I 

solution  during  the  threo -minute  coding  period  at  the 
weather  station  would  Increase  the  effectiveness  of  the  ' 

Guitlfreeze,  It  Is  possible  that  enough  convection  would 
be  caused  In  the  solution  to  prevent  stratification  and 
at  the  same  time  Improve  the  rate  of  solubility  of  the  snow. 

An  electrical)  resistance-type  heater  placed  on  the  bottom 

and  outside  of  the  receiver  Is  suggested  as  a possible 

method  of  accomplishing  this.  This  three-hourly  application 

of  heat  dvirlng  coding  time  could  also  be  sufficient  to  make  \ 

calcium  chloride  satisfactory  to  temperatures  of  -60^F)  as  i 

specified  In  the  technical  requirements.  | 

In  the  event  that  heating  does  not  prevent  stratlfl-  \ 

cation,  a mechanical  method  of  agitation  should  be  considered.  j 

A bellows  or  displacement  type  of  agitator  has  been  tried  by  ; 

Gerdel.  A rubber  sleeve  Is  made  to  expand  and  contract  In  i 

the  solution.  This  causes  displacement  of  the  solution  and  j 

a raising  and  lowering  of  the  level  of  the  liquid.  It  is 
effective  In  breaking  the  Ice  layer,  as  well  as  bringing 
snow  that  may  be  pll.>d  on  the  Ice  Into  solution.  A propellor  i 

or  electrical -mixer  type  of  agitator,  such  as  are  commercially  t 

available,  should  be  considered.  Those  are  available  In  50  | 

to  100  watt  range.  Design,  fabrication,  and  mounting  of  the  j 

agitator  depend  on  the  typo  of  gage  selected.  i 

T 

The  interior  of  the  rocelvor  of  the  gage  should  be 
painted  with  an  asphaltic  paint  to  prevent  the  solution  | 

from  coming  In  contact  with  the  metal  and  causing  corrosion.  I 

As  an  alternative  to  the  use  of  calcium  chloride,  ethyl  I 

alcohol  should  e considered  for  use  during  the  snow  season  I 

at  Point  Barrow  where  temperatures  may  drop  below  -50®F.  i 

Testa  would  be  necessary  to  determine  Its  solubility  of  Ice, 
heat  requirements,  corrosiveness,  and  evaporation  under 
operating  conditions.  A preliminary  estimate  Indicates 
that  rate  of  evaporation  of  ethyl  alcohol  would  be  about 
0.03  to  0.03  Inch  a day.  resulting  In  a required  season  i 

capacity  of  approximately  30  Inches.  Because  of  the  i 

higher  temperatures  cmd,  consequently,  greater  evaporation,  i 

ethyl  alcohol  woixld  not  be  satisfactory  at  Shemya.  j 

Snow  Capping.  This  phenonoma  should  only  occur  occasionally  ^ 

since  It  usually  takes  place  naar  32^F  with  little  or  no  wind  I 

blowing.  A continuously  heatod  catch  ring  Is  desirable  for  | 

the  prevention  of  capping.  Duo  to  the  limited  power  available 
on  a continuous  basis  at  the  automatic  woather  station, 
continuous  heating  may  not  be  feoslble.  Since  capping 
occurs  Infrequently,  It  Is  possible  that  heating  during  the 
three-minute  coding  time  at  thrde-hour  Intervals,  when 
temperatures  range  between  30®^  40®F,  would  be 

sufficient  to  break  the  grip  of  the  cap. 


By  using  a catch  ring  of  bronze,  1-lnch  wide  by  1/8-inch 
thick  and  Insulating  It  from  the  rest  of  the  gage,  it  Is 
estimated  that  40  watts.(^oijil4 : be  sufficient  to  raise  Its 
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tomporatiire  40^F  ii^lch  should  be  adcqviate  to  quickly  m.,'lt 
the  snow,  A thermostatically-controlled  switch  would  be 
necessary  to  confine  operation  to  the  30®F  to  40®F  temper- 
attire  range.  If  field  trials  showed  that  Intermittent 
heating  was  unsatisfactory!  then  continuous  heating  could 
bo  considered!  at  a power  requirement  of  5 to  10  watts 
for  periods  when  the  wind  Is  loss  then  15  mph. 

Temperature  Compensation,  Commercially  available  gages ! 
such  as  the  Fries  and Stevens ! do  not  provide  sufficient 
temperature  compensation  of  the  working  parts  for  temperature 
of  -60®F,  Both  of  these  manufacturers  rate  their  gages 
satisfactory  In  the  -20«F  to  •♦•120«F  range.  Consequently! 
the  thermal  compensating  units  would  have  to  be  modified 
for  operation  \.lth  a -60® F.  temperature.  This  Involves 
Investigation  Into  the  gage  mechanism!  fabrication  of  the 
necessary  compensating  element!  and  calibration  under  field 
condltlcfij. 

An  alternative  method  to  compensate  for  temperature 
would  be  to  insulate  and  heat  the  operating  elements  of 
the  gage  mechanism  to  a temperature  within  their  present 
rated  operating  range^  where  consistent  results  could  be 
expected,  i^stlmates  of  the  heat  required  Indicate  that 
approximately  70  watts  per  pound  of  metal  would  be  necessary 
during  a two-mlnute  period  to  raise  the  temperature  of 
the  working  mechanism  from  -60  P,  to  -20  F, 

Wind  Compansation.  Wind  compensation  Is  normally 
accomplished  by  using  an  oil  dampening  dash  pot,  Ex- 
perience has  shown  that  sufficient  dampening  has  not  been 
provided  by  commercially  available  gages.  Increasing  the 
size  of  the  dash  pot  would  possibly  be  sufficient  to  over- 
come this  difficulty.  Care  must  be  exercised  In  the  choice 
of  oil  that  Is  used  In  the  dashpot  In  order  to  have  ccxisls- 
tent  results.  Silicone  olls!  such  as  the  Dow  Corning  300 
Fluids!  are  excellent  for  dampening  since  their  viscosity  - 
temperature  slopes  are  remarkably  flat  In  comparison  to 
petroleum  oils.  Oils  having  a pour  point  at  -100®F«  and  a 
viscosity  of  approxlmat.  ly  100  contl stokes  in  the  -60® F, 
to  0®F,  should  be  considered.  The  amount  used  In  the  dash- 
Mt  should  allow  for  evaporation  over  a period  of  one  year. 
Estimate  of  the  evaporation  should  bo  made  when  the  oil  Is 
selected.  For  comparative  purposes  petroleum  oil!  10 ! will 

evaporate  approximately  one-half  Inch  In  a dashpot  per  year 
of  use  In  temperate  climates, 

AS  an  alternative  In  the  event  that  increase  In  size 
of  dashpot  does  not  provide  the  necessary  dampening!  It  Is 
recommended  that  a method  of  closln(j  the  orifice  of  the  gage 
bo  considered.  By  closing  off  the  orifice  of  the  gage  from 
Vertical  air  movomant  during  coding  time!  the  source  of 
energy  of  eddies  causing  oscillation  of  th>-  receiver  plat- 
form would  be  blocked  and  oscllletlon  should  stop.  A de- 
vice for  accomplishing  this  would  have  to  be  designed!  built 
and  tested  In  the  field  before  It  could,  be  Installed. 
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Su£gQ3tQd  Qagas.  Of  the  commercially  available  weight- 
type  gages I Iho  Stevens  Q12MR  and  the  Bendlx-Frlez  xuilversal 
recording  gages  have  been  selected  as  most  applicable  to 
unattended  Arctic  use,  with  the  Stevens  being  the  first  choice 
because  of  Its  greater  existing  capacity.  The  Bureau  of 
Reclamation  gagO)  previously  mentioned,  may  be  an  ImproveQont 
over  these,  but  plans  and  specif delations  have  not  yet  been 
received.  As  stated  previously,  evaluation  of  this  gwge 
will  be  made  at  a later  data.  The  following  paragraphs  are 
concerned  with  a further  description  of  the  Stevens  and  Frloz 
gages. 


The  Stevens,  type  Q12M  (Pig.  l89)t  remote  recording  gage 
Is  fabricated  In  capacities  up  to  120  Inches.  The  gage  has 
been  especially  designed  for  snow  as  well  as  rain.  It  Is 
the  only  gage  manufactured  specifically  for  remote  recording 
and  high  capacity.  For  this  reason.  It  requires  loss  modifi- 
cation than  the  Frloz  for  use  at  an  unattended  station.  With 
the  use  of  antifreezes,  it  has  sufficient  capacity  for  both 
the  Shemya  and  Point  Barrow  areas  on  a semi-annual  attendance 
basis  « If  antl-fraezos  can  be  eliminated.  Its  capacity  Is 
sufficient  for  annual  attendance. 


1.  Ritorlal.  The  metals  used  throughout  the  gage  are 
mostly  of  a stainless  variety  and  are  well  suited  for  their 
purpose.  The  catch  ring  Is  of  turned  bronze,  the  nouslng 
of  aluminum  sheet,  and  working  p.^rts  are  mostly  brass  and 
pot  metal.  The  complete  unit  rests  on  a heavy  {1/2  Inch) 
steel  base.  The  bearing  straps  supporting  the  counterweight 
are  of  steel  and  have  been  known  to  fall  due  to  corrosion  In 
l^ss  than  a year.  Replacement  of  the  straps  with  brass  stock 
should  be  made. 


3.  Form.  The  throat  of  the  gage  Is  that  of  an  upright 
truncated  cone.  This  form  has  been  found  most  acceptable 
since  It  deerv^ases  capping  and  snow-cllnglng  In  the  vicinity 
of  the  orifice.  The  lower  portion  of  the  gage  Is  cylindrical 
and  r^sts  on  a sted  base  which  Is  supported  by  three, 

V8-lnch,  leveling  screws.  Dimensions  are  33  Inches  In 
diameter  and  66  Inches  In  height. 

3.  Construction  and  operation.  In  the  typo  gi2M  re- 
corder, the  weight  of  the  preclpltotlon  accumulating  In  the 
catch  bucket  moves  a pen  arm  to  record  ..nches  of  precipitation 
on  the  paper  of  a clock-operated  drum.  Since  Interval  re- 
porting and  not  continuous  recording  will  be  used,  the  clock- 
operated  drum  would  not  be  necessary  In  the  gage  for  the  auto- 
matic weather  station*  The  weight  Is  balanced  by  a com  and 
counterweight.  Vibration  of  the  pen  arm  Is  dampened  by  an 
oil  dashpot.  A catch  bucket  accommodates  a charge  of  calcium 
chlerldo  In  addition  to  the  precipitation  recording  capacity 
of  the  instnimont.  a compensating  weight  Is  provided  to 
balance  the  llqulfylnx  charge.  Accuracy  of  the  Instrument 
Is  ±0.03  Inch  to  ±0.06  Inch,  and  depends  on  the  gage  capacity. 
A radio  telometoring  attachment,  the  "Telemark"  is  available. 
The  "Tolemark"  has  a pickup  accuracy  of  0.1j(  of  full  scale. 


I 

I 


4. 


Sarr 


~ 20  — 


»r  /• 


-i. 

. Field  results.  Field ' trials  of  the  gage  h«.s  been 
madu  by  the  U.  S.  Weather  Bureau  and  the  Corps  of  Engineers. 
The  following  quotes  are  made  from  correspondence  with  the 
U.  S.  Weather  Bureau  regarding  the  performance  of  this  gage. 
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results.  Field  trials  of  the  gage  )v.s 


a.  "Theoretically  the  cam  and  counter  weight  system  of 
the  Stevens  gage  is  superior  to  spring  weight,  but  the  field 
tests  showed  some  serious  deficiencies,  due  in  part  p>o8Sibly 
to  the  extreme  sensitivity  of  the  gage." 

b.  "The  mechanisms  of  the  gages  had  too  little  clearance 
and  occasionally  one  part  would  get  hung  up  on  another.  We 
found  it  difficult  to  service  the  gage  in  the  field  without 
disturbing  the  suspension.  It  was  too  easy  for  calcium 
chloride  to  spill  on  the  mechanism." 

c.  "While  strong  wind  was  evidenced  by  a wide  ragged 
pen  trace  which  merely  made  the  charts  hard  to  read,  some  bias 
might  also  have  been  caused  by  the  wind." 

5.  Modifications.  These  woiild  be  according  to  previous 
discussion. 

The  Bendix-Priez  Universal  Recording  Gage  is  fabricated 
for  a capacity  of  12  inches  of  precipitation  and  is  used  most 
frequently  where  it  receives  weekly  attention. 

1.  Material.  The  metals  used  throughout  the  gage  are 
mostly  of  a stainless  variety  axid  are  well  suited  for  their 
purpose.  The  catch  ring  and  housing  of  the  gage  aro  of  27* 
ga^e  (0.017  inch)  silicone>bronze,  the  working  parts  are  of 
brass,  aluminuE^  and  plated  steel  material,  and  the  base  is 
of  a stamped  1/4-inch  circular  steel  plate. 

2.  Form.  The  throat  of  thu  gage  is  an  8-lnch  cylinder, 

5 1/2  inches  long,  that  flares  out  at  approximately  45  degrees 
to  a 13-inch  diameter  ring  that  forms  the  metal  cylinder  which 
houses  the  working  mechanism  of  the  gage.  The  cylindrical 
housing  rests  on  a stool  plato  that  is  bolted  to  a concrete 
base.  Leveling  is  accomplished  by  shlnming.  Dlmonslons  arc 
36"  X 13  7/16". 

3.  Construction  and  operation.  The  bucket  of  tho  gage 
rests  on  a spring-type  weighing  mechanism  which  moves  a pen 
arm  to  record  inches  of  precipitation  on  the  paper  of  a clock- 
operated  drum.  H dual  traverse  system  is  used;  that  is,  when 
the  pen  moves  to  tho  top  of  the  chart  (6  inches  precipi- 
tation). it  reversos  its  direction  until  it  reaches  a limit- 
ing position  on  the  bottom  of  the  chart  (12  inches  precipitation) 
A dash  pot  is  used  to  dampen  wind  vibrations  in  the  pen  arm. 
Accuracy  of  the  gage  is  ±0.06  inch  between  -20®F  and  +120®F. 

An  overflow  attachment  is  available  for  localities  whore  the 
capacity  may  be  exceeded. 

4.  Fiold  roaults.  The  Illinois  State  Water  Survey  has 
ovor  70  Fries  gages  in  operation.  Performance  with  tho  gago 
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for  purposes  of  measuring  rain  has  been  excellent.  They  are 
comparatively  easy  to  install,  operate  and  maintain.  Records 
are  consistently  good.  Servicing  the  gage  presents  few 
difficulties. 


Estimates  of  various  effects  by  field  men  are  as  follows) 

a.  Extremes  of  temperature  (temperate  conditions)  may 
cause  ip.02-lnch  variation  in  the  record.  Survey  gages  are 
without  a temper,  turo  compensated  spring. 

b.  Winds  of  60  mph  may  cause  ^0. 02-inch  to  ^0.05-lnch 
osclllutlons  in  the  record. 

c.  Jarring  the  gage  can  dislodge  pen  arm  and  put  gage 
out  of  order. 


d.  Calibration  of  the  gage  is  difficult. 

5*  Moiifier.tions.  The  modifications  recommended  in  the 
preceding  section  for  capping)  wind  and  temperature  compen- 
sation and  for  antifreeze  solutions)  would  be  necessary. 
Capacity  of  the  gage  should  be  Increased.  In  addition,  the 
dual  traverse  movement  %rould  lead  to  difficulty  in  reading 
whan  the  pen  ..rm  changes  direction. 

form.  The  throat  and  shoulder  upper  section  could 
be  changed  to  the  tnmeated  cone  form  of  the  Sacramento  gage 
(Reference  9^)  to  Improve  performance.  The  cylindrical  trunk 
would  need  modification  to  permit  Increased  capacity  of  the 
gage.  This  increase  in  size  would  depend  on  the  capacity 
needed. 


b.  MvinhaniMBL.  The  platform  and  bucket  of  the  gage  would 
need  to  be  increased  in  size  to  accommodate  a larger  capacity. 
Assuming  that  on  eleven-inch  diameter  bucket  could  be  accom- 
modated (approximately  one-half  inch  clearance) ) then  to  hold 
a larger  capacity,  the  necessary  height  of  the  bucket  would 
be  as  follows: 


Capacity 

(inchfla) 

12" 

21" 

35" 

123" 


Height 

(inches) 

Approximate  Weight  of 

6.4 

22 

11.1 

40 

18.6 

80.0 

65.3 

247.0 

The  dual  traverse  of  the  gago  should  be  changed  to  single 
traverse.  This  in  t\irn  leads  to  a need  for  stronger  springs. 
The  added  weight  duo  to  increase  in  capacity  woxild  also 
necessitate  on  Increase  in  spring  strength. 


Because  of  its  smaller  existing  capacity,  the  Friez  gage 
requires  more  modification  than  the  Stevens  for  use  at  an 
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Arctic  station.  This  laboratory  has  been  unable  to  find 
any  record  of  specific  tests  comparing  the  utility  and 
reliability  of  Stevens  and  Fries  gages  under  the  some  field 
conditions.  Such  tests  would  be  deslr  ible  before  undertaking 
modification  of  either  for  Arctic  use. 


... 


Sukkestlons  for  Further  Research  on  Precipitation  Oagai 

The  use  of  upright  forms,  such  as  a gage,  to  catch  snow 
offers  so  many  aerodynamic  difficulties  that  If  a method  were 
devised  to  measure  precipitation  as  It  hits  the  ground) 
rather  than  by  a cylinder  or  other  container)  then  many  of 
the  present  problems  of  precipitation  measurement  would  not 
exist.  The  only  gage  that  does  this  for  snow  is  the  radio- 
active snow  gaga,  unfortunately)  the  large  cosmic  action  In 
the  Arctic  regions,  according  to  Gerdel)  does  not  make  the 
gage  siiltable  for  Arctic  operation.  The  principle  of  the 
radioactive  snow  gage  Is  acceptable  and  warrants  further  In- 
vestigation. In  most  Instances)  such  factors  os  shielding) 
capping)  capacity)  and  temperature  and  wind  compensation)  do 
not  enter  Into  the  operation  of  this  gaga.  A method  needs 
to  be  Incorporated  to  measure  the  rain  os  well  as  the  snow. 
PerhapS)aKoschmleder  pit  gage  (Fig.  9))  that  accurately  mea- 
sxiros  rain  as  It  Is  received  bv  the  ground  could  bo  utilized. 
Monolith  lyslmetars  (Ref.  1034)  vised  at  Coshocton)  Ohio  also 
provide  a method  of  measuring  the  precipitation  reaching  the 
grovind.  These  gages  do  not  present  obstructions  to  the  wind 
and)  therefore,  do  not  have  the  many  problems  associated 
with  wind  idilch  upright  gages  have.  The  most  difficult 
problem  of  adapting  these  techniques  Is  isolating  the  sample. 

It  might  be  possible  to  use  a rotating  type  of  lyslmeter, 
wherein  a round  platform  of  the  gage  would  be  level  with  the 
ground  surface.  By  slowly  rotating  the  platform  it  Is  possible 
that  only  a core  of  snow  would  remain  In  the  platform.  A 
weight  recording  mechanism  could  be  placed  In  a pit  beneath 
the  platform  to  moasuTw  the  amount  of  precipitation  received 
by  the  platform. 

Since  the  principle  of  the  radio-active  gage  Is  good,  an 
investigation  of  the  applicability  of  other  t^os  of  radiation, 
such  as  sound  and  Infra-red,  might  be  desirable.  An  Indicating 
head  mountud  on  a rotatlnx  cross  arm,  such  as  Is  used  In  the 
radio-active  gage  (Fig.  103),  could  give  a profile  of  the  snow 
and  water  equivalent,  provldv.d  the  technique  were  feasible. 

Should  the  preceding  types  bo  unacceptable,  a collector- 
type  of  gage  would  have  to  be  used.  A gage  In  the  shape  of 
a bird  bath  (sphere  segment)  filled  with  an  oil-covered  anti- 
freeze solution  and  provided  with  an  overflow  device  would 

? resent  a more  aerodynamlcally  neutral  obstruction  to  the  wind 
hen  many  of  the  storage-type  gages  presently  used. 
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Conelualonfl  iJwUUa  

AS  a result  of  the  evaluation  of  known  precipitation  gages 
It  is  concluded  that: 

1.  No  known  precipitation  gage  in  its  Prosont  form  satis- 
fles^tho  exlstlng^^Slgnal  Corps  technical  requirements. 

2 With  the  suggested  modifications  to  the  technical 
requirements^and  oa^ah.  2.  oartial  solution  to 


requirements  and  wiin  me  su«»».w«« 

StovoM  and  Frio*  welght-typa  gates,  a partial  solution  m 
tororobloB  appears  possible..  However,  the  suggested  gag 
Sdl?”aWon“Secessltate  design,  fabrication  and  field 
testing  of  the  modified  equipment 


gage 
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weather  station. 


OmbToscope  Develppaent 

Ihe  purpose  of  the  ombrosoope  is  to  detect 

the  presence  of  precipltstlon  during  time  of  observation  at 
the  automatic  weather  statioh.  Sensitivity  of  existing  gages 
is  insufficient  for  this  purpose 

Type 


As  a result  of  a study  of  ombroscopes,  the  system  employed 
by  Barnothy  and  Bell  was  chosen,  since  it  appeared  to  be  the 
most  promising  type  of  precipitation  detector.  The  Barnothy 
and  Bell  unit  employes  a heated  metal  cylinder  covered  by  blot- 
ter paper  over  which  wire  is  wrapped.  A drop  of  water  on  the 
blotter  closes  a circuit  between  the  wire  and  cylinder,  and 
the  resulting  flow  of  current  trips  an  alarm.  The  heat  from 
the  cylinder  evaporates  the  water,  thus  re-opening  the  circuit 
and  completing  the  cycle.  It  was  anticipated  that  snow  would 
also  be  detected  since  the  cylinder  was  heated. 


Teat  Eouipment 

Develo|»ient  to  improve  this  design  has  been  conducted  in 
the  hydraulics  laboratory  of  the  Illinois  State  Water  Survey. 

An  a.  paratus  was  built  that  employed  a water  sprayer  to  provide 
dris£le-type  of  precipitation  at  an  approximate  rate  of  0.02 
inch  per  hour.  This  was  the  minimum  rate  specified  in  the  con- 
tract. Fog  and  mist  producing  devices  were  also  assembled.  A 
low  pressure  steam  line  provided  steam  fog,  while  a %mter 
sprayer  was  used  for  the  large  fog  to  mist  range.  The  drop 
type-size  distribution  adopted  was  as  follows: 


PrgP-IyW  Diameter  in  Microns  TtrBlMl  YdiggUy  in  UPS 


Fog 

Mist 

Drizzle 

Rain 


1-60 

60-100 

100-400 

400+ 


0 to  0.1 
0.1  to  0.25 
0.25  to  1.5 
1.5* 


The  ice  cream  hardening  room  of  the  Uilversity's  Dairy  Sciences 
building  wss  periodically  available  for  low  temperature  tests. 

A temperature  of  approximately  -lO^’F  is  maintained  in  the  room. 
Hoar  frost  crystals  of  ice  deposited  on  the  refrigerating  pipes 
were  used  to  simulate  snow. 


Mitgrlftla 

Ihe  alloy,  Nichrome  V,  was  selected  as  being  suitable  for 
the  conducting  elements  of  this  type  of  instrument.  Nichrome 
is  a nickel-chromium  alloy  of  80-20  proportions  that  has  a high 
electrical  resistivity,  a low  temperature  coefficient,  a high 
resistance  to  oxidation  and  alteration  over  a wide  temperature 
range,  and  excellent  workability. 


kJ>ww4- '.4 v^:.^  ifc\CC/ 
Tests  for  suitability  of  insulation  material  were  con- 
ducted on  blotter  paper,  linen,  cotton,  nylon,  rayon,  wool, 
asbestos  and  Plberglas.  Plberglas  was  found  to  be  most  suit- 
able since  it  is  strong,  has  excellent  vetting  properties, 
and  resists  deterioration  due  to  high  temperature,  sianlight, 
wind  and  water. 


Wood  was  selected  as  foundation  material  as  it  is  easily 
worked,  is  dtirable,  and  when  heated  does  not  mildew.  For 
temperatures  in  excess  of  375**?,  aluminum  was  used  in  place 
of  wood  as  foundation  material. 


Dow  Corning  Silicone  Varnish  935  was  used  as  a bonding 
agent  for  the  heater  construction,  since  it  is  a flexible, 
fast  drying  varnish  that  has  high  heat  and  electrical  resistance 
and  excellent  chemical,  weather  and  moisture  resistance. 

£S£ffl 

The  form  of  the  models  is  that  of  a truncated  pyramid 
(Fig.  1),  having  side  slopes  of  12  1/2  degrees  from  the  ver- 
tical. The  size  was  based  on  estimated  drop  distribution 
during  the  beginning  and  ending  portions  of  a shower  \diere 
precipitation  is  lightest.  Ihe  sloping  sides  allow  effective 
drainage  of  water  and  yet  have  sufficient  horizontal  projection 
(1/2  sq.  in.)  to  detect  light  rain. 

Results 

A series  of  models  have  been  built,  each  one  Incorporating 
new  materials  and  techniques  in  order  to  develop  a satisfactory 
working  model.  The  various  models  are  as  follows: 

Model  1.  The  first  designed  model  used  a wooden  base, 
whose  sides  were  covered  by  #25  gage  copper  plate.  Fiber- 
glas  ll4  was  used  as  the  ins\alating  material  between  the  cop- 
per plate  and  the  wire  grid.  The  outer  wire  was  Nichrome  V 
#28  wire,  wrapped  in  20  turns  around  the  instrument,  and 
served  the  dual  purpose  of  heating  as  well  as  detecting.  After 
several  h urs  of  use  under  laboratory  conditions,  it  was  dis- 
mantled due  to  contamination  of  the  insulator. 


Model  2.  This  model  duplicated  Model  1 except  that  the 
cbpp>er  plates  were  platlmmi  coated  to  retard  corrosion.  In 
laboratory  tests  it  was  effective  In  (detecting  Ice  crystals 
and  drizzle,  yet  was  not  activated  by  the  steam  fog.  Cor- 
rosion of  the  outer  wires  took  place  and  it  was  dismantled. 

This  Instriusent  was  of  the  same  construction 
as  the  previous  types  except  that  a cavity  large  enough  to 
accommodate  a thermometer  was  made  between  the  upper  copper 
plate  and  wood.  The  cavity  was  filled  with  mercury  and  data 
for  heat  and  temperature  analysis  have  been  collected  with  it 
by  use  of  an  immersion-type  thermometer  placed  in  the  cavity. 

Model  4.  In  this  model,  a wood  foundation,  copper  plates, 
linen  0.dl2"  thick,  and  copper  #28  wire  were  used.  Its 
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1*  Mapla  Bleek 

2.  Blehr«a«  f #20  vlr* 

3.  liokal  #36  vir* 
TiBarglM  #113 

5.  Alwiaia  foil 

6.  riBors^a  #126 

7*  llekroM  T #26  wiro 
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operation  was  effective.  However,  corrosion  was  noted  and 
It  was  dismantled. 

Model  5 Mid  ttedel  6.  These  models  xised  a wood  or  Incite 
block  but  employed  several  different  combinations  of  materials 
In  an  attempt  to  stop  corrosion.  By  a process  of  elimination, 
It  was  found  that  the  corrosion  of  the  vires  was  due  to  the 
high  current  of  the  dual-purpose  outside  detector  and  heating 
wire  produclhg  electrolysis  when  wet. 

Model  7.  An  aluminum  block  was  substituted  for  the  wood 
block  and  construction  from  the  block  outwards  in  layers  was 


as  follows : 

Item  1. 

Aluminum  truncated  pyramid. 

Item  2. 

A layer  of  Flberglas  ll4  Impregnated  with  Dow 
Coming  Silicone  Varnish  935* 

i 

i 

Item  3* 

A winding  of  10  feet  of  Nlchrome  V #26  wire  as 
a heating  element. 

1 

Item  4. 

A layer  of  varnish  Impregnated  Flberglas  II3. 

j 

Item  5* 

An  Inner  detector  winding  of  several  turns  of 
Nlchrome  V,  #26  wire  replaced  the  copper  plates 
as  this  simplified  construction. 

Item  6. 

A layer  of  Flberglas  #113  zs  Insula tihg  material. 

i 

1 

Item  7t 

A winding  of  several  turns  of  Nlchrome  V,  #23 
wire  as  the  outside  detector. 

The  pxiroose  of  this  construction  was  to  have  a model 
wherein  the  heater  element  wculd  be  separated  from  the  detector 
section  and  which  would  also  be  suitable  for  high  temperatiircs. 
Drying  tests  were  conducted  with  the  Instrument  saturated  with 
water.  It  was  noted  that  at  60  watts  Input,  1.1  minutes  were 
required  to  dry  the  model.  Considerable  heat  was  generated 
(500OF.4-),  and  after  several  trials,  the  Instrument  lost 
sensitivity  to  drlzxle.  Loss  of  sensitivity  was  attributed 
to  vaporization  of  the  Inner  layers  of  silicone  varnish  and 
condensation  upon  the  outer  Insulation  of  flberglas.  The 
silicone  effectively  destroyed  the  wettability  of  the  glass 
fiber  and,  thus,  the  sensitivity  of  the  Instrument. 

Model  8.  The  same  construction  was  used  as  In  model  No. 7 
except  that  Item  5,  the  Inner  detector  winding,  was  replaced 
with  aluminum  foix  (in  lieu  of  Nlchrome  V metal  which  Is  on 
order)  to  act  as  a vapor  barrier  as  well  as  a detector.  A 
recording  system  has  been  built  that  employe  an  RCA  2050  thy- 
ratron  tube  as  the  switching  clement.  An  electromagnetlcally 
controlled  pen  arm  Is  activated  to  record  on  the  paper  of  a 
clock-operated  dr\xn.  This  model  has  been  Installed  on  the 
roof  of  the  meteorologlc  building  and  Is  In  operation  at  the 
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present  time.  Some  difficulty  has  been  experienced  with  the 
electronic  recording  system. 
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9.  Construction  of  this  model  is  similar  to  model 


7.  Considering  it  in  layers  from  the  block  outwards , the 
construction  is  as  follows: 


Item  1.  Maple  wood  truncated  pyramid  block. 

Item  2.  15  turns  of  Nichrome  V,  #20  wire  covered  with 

silicone  varnish  as  a heater  element. 

Item  3.  15  tuims  of  nickel  #38  wire  placed  in  between 

the  turns  of  the  Nichrome  as  a temperature 
control  element. 

Item  4.  A layer  of  varnish- impregnated  Piberglas  113 
as  insulation  between  the  heater  and  detector 
elements. 

Item  5*  A layer  of  aluminum  foil  (in  lieu  of  Nichrome) 
as  a vapor  barrier  and  detector. 

Item. 6.  A layer  of  Piberglas  126  to  act  as  the  water 
catching  agent  between  detectors. 

Item  7*  A winding  of  Nichrome  V #2t  wire  to  act  as  a 
detector. 


Ihe  purpose  of  model  9 is  to  incorporate  a temperature 
control  in  an  attempt  to  provide  rapid  unloading  with  rela- 
tively large  amouhts  of  power. 

For  rapid  unloading  a relatively  large  amount  of  power 
is  required  for  a short  time.  This  power  must  be  controlled 
to  prevent  damage  to  the  detector.  A variable  resistance  type 
of  temperature  control  was  developed  for  this  purpose.  It 
consists  of  a nickel  wire  wound  integral  with  the  heater  wind- 
ing, but  not  touching  it.  By  use  of  an  electronic  circuit, 
controlling  the  power  to  keep  the  nickel  wire  at  a constant 
resistance,  the  temperature  of  the  detector  is  maintained 
constant. 


I 


I 


Q r38» 


f 


V,/  ..  I 


PROGRAM  FOR  NFXT  ]NTERVAL 





An  evaluation  of  the  Bureau  of  Reclamation  gai*i  deelgned 
for  use  In  snow  measurement  In  Isolated  regions « vill  be  made 
upon  receipt  of  plans  and  specifications  for  the  gage.  !t  Is 
hoped  that  this  gage  will  provide  a better  solution  to  tF>e 
problem  than  the  known  gages  evaliiated  In  this  report. 

Except  for  the  preceding  evaluation,  no  further  work 
on  precipitation  gages  Is  contemplated  during  the  remainder 
of  this  contract  period  unless  the  Signal  Corps  technicals, 
personnel  have  some  further  recommendations.  Fabrication  of 
a field  model  of  the  precipitation  detector  will  be  aiade  for 
field  trials,  and  a report  on  results  of  the  research  will  be 
prepared. 

Work  will  start  on  a literature  survey  concerning  the 
measurement  of  dust  deposited  per  unit  area. 
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